This was a safety study where the hypothesis was that the newer-design CPCS femoral stem would demonstrate similar early clinical results and micromovement to the wellestablished Exeter stem. Both are collarless, tapered, polished cemented stems, the only difference being a slight lateral to medial taper with the CPCS stem. A total of 34 patients were enrolled in a single-blinded randomised controlled trial in which 17 patients received a dedicated radiostereometric CPCS stem and 17 a radiostereometric Exeter stem. No difference was found in any of the outcome measures pre-operatively or post-operatively between groups. At two years, the mean subsidence for the CPCS stem was nearly half that seen for the Exeter stem (0.77 mm (-0.943 to 1.77) and 1.25 mm (0.719 to 1.625), respectively; p = 0.032). In contrast, the mean internal rotation of the CPCS stem was approximately twice that of the Exeter (1.61° (-1.07° to 4.33°) and 0.59° (0.97° to 1.64°), respectively; p = 0.048). Other migration patterns were not significantly different between the stems. The subtle differences in designs may explain the different patterns of migration.
Femoral fixation for a total hip replacement (THR) may be achieved using cemented or cementless techniques. In much of the world, particularly in the United Kingdom and Scandinavia, cemented fixation remains the benchmark and has been used successfully since the introduction of Charnley's low-friction arthroplasty. [1] [2] [3] In broad terms, cemented femoral stems are of two designs: either a collarless, polished, tapered design or a collared, matte finish, rectangular design. Clinical success over the long term has been achieved with both designs. 2, 3 It has been proposed by several authors [4] [5] [6] that, prior to its widespread clinical use, a new orthopaedic implant design should be critically assessed using advanced imaging techniques, such as radiostereometric analysis (RSA), to allow comparison with established designs which have a proven track record.
The purpose of this randomised controlled trial (RCT) using RSA was to compare the early migration patterns of a new collarless, polished, tapered, cemented (CPCS) stem design (Smith & Nephew, Memphis, Tennessee) with the well established Exeter design (Stryker Osteonics, Mahwah, New Jersey). Our hypothesis was that the new stem would have a similar migration to the Exeter stem. In essence, this RCT would act as a safety/efficacy study for this new, albeit similar, stem design.
Patients and Methods
Between January 2005 and December 2006, 34 patients were enrolled in a RCT. Local ethical committee approval was obtained for the study. Inclusion criteria were patients with osteoarthritis of the hip requiring primary THR, who were otherwise in good health, aged > 60 years, and likely to be available for a minimum follow-up of two years. In general, patients enrolled in the study were those with Dorr B or C type femoral bone 7 stock who would generally receive a cemented stem in our institution. Exclusion criteria included patients with inflammatory arthritis, age > 85 years, and significant comorbidities such that followup might be jeopardised. The patients were followed by a single blinded nurse who measured clinical performance using the Western Ontario McMasters Universities osteoarthritis index (WOMAC) 8, 9 the Short-form (SF) -12, 10 and the Harris Hip Score (HHS). 11 The stem (and acetabular component) were allocated prior to surgery by the head operating room nurse, who opened a sealed envelope containing the randomisation sequence.
The CPCS stem is a polished, tapered, collarless stem based on the Exeter design and philosophy. The only difference, albeit subtle, is a slight tapering from lateral to medial, such that it is trapezoidal in cross section and hence is a socalled triple-taper design. Similarly to the Exeter design, the stem is manufactured from stainless steel; there are two offsets available, and a stem tip centraliser with a void to allow subsidence within the cement mantle. The broaches are designed to allow a 2 mm to 3 mm cement mantle.
After randomisation 17 patients received the CPCS stem in combination with a Reflection acetabular component and polyethylene liner (Smith & Nephew) and 17 patients received the Exeter Universal femoral stem in combination with a Trident acetabular component and a polyethylene liner (Stryker Osteonics). All patients received peri-operative antibiotics and routine post-operative low molecular weight heparin. Three surgeons (RWM, RBB, SJM), all with over ten years' experience with the Exeter stem performed the procedures. The direct lateral approach was used in every case, as was Simplex antibiotic cement (Stryker Osteonics). Full weight-bearing was allowed immediately post-operatively, and all aspects of intraoperative and post-operative care were identical.
Stem migration was measured using a standard RSA technique 6 in which 0.8 mm tantalum beads were implanted into the proximal femur and the cement mantle, and were fixed to the stem by the manufacturer to permit determination of relative movement of these three segments. Standard dual-plane RSA radiographs were obtained immediately post-operatively, at six weeks, at three and six months, and at one and two years postoperatively. The UmRSA (RSA Biomedical Innovations AB, Umea, Sweden) was used to determine subsidence. Statistical analysis. The sample size was determined based on an overall α error (two-sided) of 0.05, with a statistical power of 95% (β error equals 0.05). Although this was essentially an equivalence trial with respect to stem subsidence, after an extensive review of the literature it was determined that if the average difference in subsidence between the Exeter and the CPCS stems were to be 0.5 mm, then approximately 15 patients per study group would be required. Allowing for some RSA technical problems and loss to follow-up, 34 patients were enrolled into the study.
Statistical comparison between the groups with regard to demographic variables (age at surgery, body mass index) and clinical outcomes (documented through the HHS, WOMAC, SF-12 scores) were all continuous variables and were tested for significance with the independent samples t-test. Comparison between pre-operative and latest outcome measures for each group was performed with paired samples t-test. Comparison of the mean micromovement (translations and rotations), in all planes, was determined using the independent samples ttest. The level of significance for all statistical tests was set at 0.05, and was measured using SPSS Version 17 (SPSS Inc., Chicago, Illinois).
Results
There were no significant demographic differences between the groups (Table I ). The mean age for the CPCS group was 75.7 years (62.9 to 80.7) compared to 77.9 years (67.2 to 84.9) for the Exeter group. The male/female distribution (> 80% female) was similar for both groups. Radiostereometric analysis was compromised in three patients (two due to poor bead placement, and one whose stem shoulder bead dissociated post-operatively) and there was one death that occurred before the two-year follow-up. Thus, a total of 30 patients (16 CPCS, 14 Exeter) with a mean follow-up of 3.9 years (three to five), and all with RSA radiographs at two years, were included in the analysis.
As expected, there was a significant improvement in outcome in both groups (p < 0.001). However, there was no statistical difference in any of the outcome scores between groups (Table II) .
With respect to the RSA results, both stem and cement migration were measured relative to bone. In general, there was very little measurable movement of the cement relative to the bone. Therefore, virtually all of the movement occurred between the stem and the cement, as would be expected. Although all six degrees of potential movement were measured, the focus of the study was to observe proximal/distal translation, internal or external and varus/ valgus alignment of the stem, which have been deemed to be the most clinically relevant.
6,12-16 At two years, total stem migration was slightly less for the CPCS stem than for the Exeter stem (1.05 mm (0.674 to 1.971) and 1.35 mm (0.787 to 1.951), respectively; p = 0.05), which just achieved statistical significance (Fig. 1) . Subsidence in the CPCS stem was nearly half that of the Exeter stem (0.77 mm (-0.943 to 1.777) and 1.25 mm (0.719 to 1.625), respectively; p = 0.032) (Fig. 2) . In contrast, posterior (internal) rotation of the CPCS was approximately twice that of the Exeter stem (1.61° (-1.07°t o 4.33°) and 0.59° (-0.97° to 1.64°), respectively; p = 0.048) (Fig. 3) . In addition, varus alignment was less for the CPCS than for the Exeter stem at two years (0.003°( SD 0.20) and 0.21° (SD 0.24) respectively; p = 0.029) (Fig.  4) . Other migration patterns were not significantly different between the stems (Table III) .
Discussion
This RCT reports on the early migration observed with the CPCS stem compared with the Exeter design. There were similar patterns of migration for both stems, with Graph showing the mean distal migration in millimetres of the stems with 95% confidence intervals.
measurable amounts of subsidence and also small amounts of internal rotation and varus. Although there were some subtle differences between the stems with respect to early migration, overall they performed very similarly, thus confirming our hypothesis. The strengths of this study are that it was performed as a randomised controlled trial in a centre that is experienced with the use of polished tapered stems, and in which all the procedures were performed through an identical surgical approach and using identical cement. The greatest strength was the use of the RSA technique to measure migration, by far the most accurate and precise in vivo measurement tool currently available. 17 The only potential weakness of the study is the difficulty in interpretation of the migration patterns of these two stem designs.
Although it is well established that these stems subside within the cement mantle, the relative significance of and the amount of subsidence allowable for good clinical results has not been defined. 4, 12, 13, 15, [18] [19] [20] [21] Although four patients were eliminated from the study (three for RSA technical problems, one for death), we maintained the number of patients required, based on our sample size calculation. Given that the mean difference in subsidence between the groups was higher than the hypothesised or predicted difference, we are confident that the study was sufficiently designed to find significance.
Cemented femoral stems can be either polished, collarless and tapered (so-called taper slip), or non-polished (matte finish), collared and rectangular (so-called composite beam). 22 Excellent long-term clinical results have been reported for both designs. 2, 3, [23] [24] [25] Using both conventional and RSA techniques there is strong evidence to link the early subsidence of composite beam designs to the eventual failure of the stem. [26] [27] [28] [29] However, the relationship between early subsidence and eventual failure has not proved to be the case with taper-slip designs and it is generally accepted that stem subsidence is linked to the success of this design. 4, 13, 18, 20, 21 It is postulated that this initial subsidence, which occurs because of creep of the cement, allows ongoing radial compression of the cement and seals the stem-cement interface, thereby leading to a very low incidence of loosening and/or osteolysis. 22 Therefore, with the many stem designs and surface finishes that are available the RSA migration behaviour can be quite variable. An excellent summary of the use of RSA to evaluate migration with different designs of stem and surface finishes has been provided by Kärrholm et al. 12 The overall migration patterns observed with both stems in our study compare well with those all studies examining collarless, tapered, polished cemented stems. 4, 13, 18, 20, 21 With virtually all studies, the distal stem migration was approximately 1 mm or slightly more, two years after implantation. 4, 13, 18, 20, 21 Only one study has examined the pattern of migration of the Exeter stem at mid-term, demonstrating that the median migration increased from 1.34 mm at two years to 1.77 mm at five years. 20 With respect to other polished tapered stems, the results of the CPCS stem compare well to the C-stem (Zimmer, Warsaw, Indiana), also a triple-taper design, which also demonstrated slightly increased posterior (internal) rotation compared to the Exeter. 21 This is, however, in contrast to the CPS-plus stem (Endoplus, Swindon, United Kingdom), which is characterised by a wider rectangular proximal section, which demonstrated very little internal rotation. 13 It is important to note that direct comparison of migration results between studies is problematic, as differences in surgical approach and technique, and cement viscosity have been shown to influence migration. 14, 19 In summary, this study was stimulated by our belief that there is a need to critically evaluate any new orthopaedic implant design in order to ensure at least equivalence, and not inferiority, compared to established designs. Unfortunately, it has too often been demonstrated that subtle changes in stem design or surface finish such as the change to a matte finish in the Exeter stem or changes in the chemical structure of bone cement, such as those associated with Boneloc cement (Biomet Inc., Warsaw, Indiana), can lead to poor results. [30] [31] [32] [33] This RCT showed some subtle differences between the newer CPCS stem design and the well-established Exeter stem, but overall the results were similar, confirming that subsidence and slight rotation of the stem within the cement mantle are characteristic of the early fixation. Based on these results, we feel that it is likely that this new stem design will perform in a similar manner to the Exeter, and hopefully provide long-term clinical success.
